The clinical laboratory's use of computers has evolved beyond the single minicomputer stand-alone system. Our laboratory information system is now part of an institutional network. The laboratory also uses smaller systems and workstations for a wide variety of functions, often with much data duplication among systems. We have been developing a network-based virtual database for laboratory test information. This system uses World Wide Web standards for hypertext and multimedia displays, which allows for the display of information retrieved from various department computer sources without the necessity of data duplication, modification of existing systems, or centralization of data. The medical technologists can continue to write testing procedures on their word processors.
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Maintenance of reference values, specimen requirements, etc., can continue as a laboratory information system function. Yet information from all of these disparate sources can be viewed in a consolidated format that has plafform independence.
Indexing Terms: information systems/client se,ver/network/database management systems
Life in the clinical laboratory is filled with procedures, rules, lists, and, in their modern incarnation, databases. If we examine just the variables that define a given laboratory test, we find a microcosm of the complexity of laboratory information resources. Here we describe one approach to managing this information in the era of the "information superhighway" and the World Wide Web (WWW) (1) . 2 Understanding the system we describe requires a historical perspective. The Department of Laboratory Medicine at the University of Washington was established in 1969 from several independent clinical laboratories scattered through the institution.
The tasks of blood drawing, pretest specimen processing, and answering all specimen and result inquiries became the responsibility of the newly created Central Processing Area (CPA).
With the consolidation of these functions came the need to document the relevant test requirements for the individuals now working in the CPA. 2) Leave existing systems, such as the LIS, intact while minimizing or removing the need to duplicate data. Ensure that the maintenance of data in these systems is unaffected.
3) Ensure compatibility with and make use of existing network architecture.
Comply with institutional standards, both those of our medical centers and those of our university.
Allow access from the Internet. 4) Provide accessibility to the information independently of the display platform.
That is, information must be accessible from a Macintosh, a microcomputer using Microsoft Windows, an X-Terminal, and a common ASCII display terminal.
5) Make the system user-friendly. Users should not need to learn any special commands or syntax. The system should have an object-oriented interface with built-in help functions where needed. All information should appear integrated, with the underlying architecture transparent to the user.
Materials and Methods

Databases.
Data relating to laboratory testing were available from three sources, or databases of reference: the US, the bible database, and procedure manuals.
The The clinical laboratory BibleCard system uses three databases and merges them into a seamless whole. Fig.  1 illustrates the architecture for this system. The laboratory computer supports two of the databases, the LIS and the original bible database. These two databases, currently on the same computer, are both independent and could just as easily reside on completely separate systems. The only requirement is that they reside on computers on the Internet. To initiate use of this system, a user needs access to a device with a WWW browser. Fig. 2 shows the Department of Laboratory Medicine's home page as seen on a Macintosh on the WWW. This display is easily downloaded on the network when the department's WWW server is queried by the browser, in this case, Netscape. The HyperText convention used to identity the existence of additional information is a highlighted, underlined word or phrase within the display. To access this information, the user need only move the cursor to that string and press the button on the mouse.
In Fig. 2 , the cursor is about to be activated at
"Laboratory Tests Information IBibleCard." This will
send a message to the BibleCard server to transmit the BibleCard Search Form page shown in Fig. 3 rapidly. Clinical laboratories began the march down the road of computerization >25 years ago. The first systems were isolated workhorses performing the duties required to manage specimens within the laboratory and generate patients' reports, often card-punch based operating in batch mode. They were soon followed by real-time systems that utilized terminals deployed in strategic locations in the laboratories, allowing the technologist ready access to the database and programs. For many years computers improved but remained the propri- A great deal of effort can be expended to sustain synchronization of all these information sources. Even with the best efforts, the information may not always agree for logistical reasons. For example, menstrual cycle variations can be written into the procedure manual or reference manuals but because the LIS does not track this information about the patient, it is not accommodated in the specimen definition area. Our challenge has been to identif' the database of reference for each variable and create a system that removes the necessity for duplication and presents the information as a cohesive whole. The Laboratory BibleCard, using the tools of the WWW, demonstrates that such a system is possible. An examination of the evolution of the display of test reference ranges illustrates the changes that have occurred. Because age and sex reference ranges are essential to the operation of the US, this mandates that the US be the database of reference for this variable. The UIS becomes the only database that needs to be updated and current regarding age-and sex-defined reference ranges. And, because the BibleCard can get information from virtually any database on the network, we no longer need to maintain this information in either the old bible database or the test procedure server. The procedure writeups can supplement this with details about the reference range that are not found in the UIS. Each test descriptor can be viewed similarly.
Of course, we will always need to continue to duplicate some elements (e.g., test name), but these can be kept to a workable minimum.
New display pages are easily created and can be custom-designed for specific user groups. The display for the medical technologists can bring up details from the procedure manual not seen by the clinicians. Laboratory management can develop displays that concentrate on workload and billing information.
In addition, achieving compatibility with Macintosh, Microsoft Windows, X, or simple ASCII terminals requires no effort on the part of our programing staff. This is one of the rewards for creating this system in conformance with the WWW standards: No additional coding has to be written for any of these platforms. This is a remarkable advantage when contemplating how to service and support this diverse group of devices.
Finally, a system such as the BibleCard offers nearly unlimited possibilities to integrate other information sources. The only requirement is that the data reside some place on the WWW. For example, the AACC has published compendiums on the interaction of drugs (4) and disease (5) on laboratory tests. These contain a wealth of bibliographic information that can be quite useful to our clinical colleagues as they try to interpret test results. However, in their printed form these compendiums suffer from rapid outdating and inaccessability. If these databases were computerized, updated as new publications were reviewed, and made accessible through the Internet, it would be a relatively simple task to tie this information into systems such as the BibleCard. This could vastly improve the utility of the resource, as housestaff then could access this information any time of day or night from locations across the vast network. This is just one of nearly limitless possibilities.
In our foray into the world of the information superhighway, we have been developing a virtual database for laboratory test information from three existing databases that have some commonality and duplication. The system is network accessible and platform independent.
It is simple to use, requiring minimal keyboard input and point-and-click dexterity.
The displays make use of the HyperText multimedia standards of the WWW and can be customized to accommodate the needs of the end user. The BibleCard can be easily expanded to accommodate new resources as long as they are available in digital form on the Internet.
